We study the impact of the 1988-1994 trade liberalization in Brazil on the wage distribution. We explore three main channels through which trade liberalization could have affected the wage distribution: increasing returns to skilled workers due to Hecksher-Ohlin adjustments to trade policy, trade induced skill-biased technological change, and changes in industry wage premiums. Our results suggest the trade reform in Brazil did partially contribute to the growing skill premium through skill-biased technological change, which was partially instigated by the increased foreign competition. We also find that sector specific returns to skill increased by more in sectors with bigger tariff reductions. However, we find little support for Hecksher-Ohlin type adjustments to trade reform. Overall, the effects of trade reforms on wage inequality seem relatively small. * We would like to thank Eric Edmonds, Carolina Sanchez-Paramo and seminar participants at Princeton for helpful suggestions.
Introduction
Policy makers often promote trade liberalization and openness as a way to increase living standards and welfare in developing countries. For example, before the 1999 WTO ministerial meeting in Seattle the U.N. secretary general Kofi Annan and the WTO director general Michael Moore urged developed countries to "extend the benefits of free trade fully to the developing world" since free trade enhances economic development and standards of living (Wall Street Journal (1999) ).
1 Brazil, like many other Latin American economies, followed these policy recommendations and underwent drastic trade liberalization episode from 1988 to 1994 in pursuit of higher living standards and productivity growth. The reforms not only reduced the average tariff level from about 60 percent in 1987 to 15 percent in 1998, but also changed the structure of protection across the industries. These drastic tariff reductions were mirrored in increased import penetration in most manufacturing sectors.
While empirical studies have documented that the Brazilian trade reforms have increased efficiency and growth (see Hay (2001) , Muendler (2002) ), trade liberalization might have also contributed to the growing wage inequality. Several studies have documented growing returns to educated workers in Brazil that coincide with the timing of trade liberalization (see Blom, HolmNielsen, and Verner (2001) , Green, Arbache, and Dickerson (2001) , Behrman, Birdsall, Szekely (2000) ).
2 Although the causal link between growing skill premium and trade liberalization has not been established, this second development would be alarming for Brazil because it might translate into growing wage inequality in a country with extremely high levels of inequality prior 1 Although the theoretical relationship between free trade and welfare is ambiguous, careful empirical work based on cross-country data by Frankel and Romer (1999) , confirms that countries that countries with higher exposure to trade have higher living standards as measured by GNP per capita. 2 Growing skill premium has been documented in Mexico and many other liberalizing Latin American economies (see Robbins (1996) , Cragg and Epelbaum (1996) , Hanson and Harrison (1999) , Robertson (2000) , Behrman, Birdsall, and Szekely (2000) , Attanasio, Goldberg, and Pavcnik (2002) ).
to trade liberalization. Growing skill premium is also puzzling because many have expected that the trade reforms would have lowered income inequality by raising the relative returns to relatively abundant factor of production in Brazilian economy, i.e. the poor, less educated, and unskilled workers.
In this paper, we investigate whether trade liberalization has affected wage inequality between skilled and unskilled workers in Brazil using data from 1987 to 1998. In particular, we combine detailed micro level worker level information from Pesquisa Mensal de Emprego (PME) with industry level data on tariffs, import penetration, and export exposure to analyze several channels through which trade liberalization might have affected the growing skill
premium. 3 We first analyze whether the growing skill premium could be explained by the mechanism proposed by the Hecksher-Ohlin model of international trade. We test three implications of the model. First, is the growing skill premium consistent with the pattern of tariff reductions observed in Brazil from 1987 to 1988? If tariffs declined proportionately more in sectors that use unskilled labor relatively more intensively, tariff induced changes in product prices could have contributed to the growing in skill premium by increasing the demand for the relatively skilled workers. Second, the Hecksher-Ohlin model would predict labor reallocation from industries that experienced bigger tariff reductions (and hence price reduction and output contraction) towards industries with lower exposure to trade. We explore this mechanism by relating changes in industry share of total employment to tariff changes and other measures of trade exposure. Third, the Hecksher-Ohlin mechanism would predict a decline in the share of skilled workers in industry employment as firms substitute away from skilled labor when skill premium increases after trade liberalization. Our results suggest that Hecksher-Ohlin could in 3 Our methodology follows closely the one used in Attanasio, Goldberg, and Pavcnik (2002) for Colombia.
principle explain the growing skill premium because tariff reductions were predominantly concentrated in industries with relatively high share of unskilled workers. However, the evidence on the labor market adjustment provides little support for this claim. The structure of industry employment shares remains relatively stable over our sample period and the observed changes in industry employment shares are not in general related to tariffs. 4 Most importantly, the share of skilled workers employed in most Brazilian industries has increased concurrently with the growing skill premium, which is not consistent with the Hecksher-Ohlin framework, but is consistent with a positive shock to relative labor demand for skilled workers (for example, skill biased technological change).
Although we find scant evidence in support of Hecksher-Ohlin adjustments to trade reform, increased exposure to trade could have affected skill premiums by increasing the demand for skilled labor via skill biased technological change. In particular, Wood (1995) and Acemoglu (2001) argue that firms might adapt skill-biased technology in response to intensified competition from abroad. We explore this hypothesis by checking whether the demand for skilled labor increased more in sectors that experienced larger tariff reductions and larger increases in import penetration. We find that skill-biased technological change was larger in sectors that experienced larger increases in import penetration, suggesting that skill-biased technological change was partly an endogenous response to increased foreign competition.
Finally, we explore how trade reforms impacted industry wage premiums. Wage premiums represent the portion of worker wages that cannot be explained through worker or firm characteristics, but are attributed to worker industry affiliation. Most previous literature has concentrated on the effects of trade policy changes on the returns to particular worker characteristics and the implications of trade policy in the long run, where labor can move across sectors. 5 However, worker industry affiliation is crucial in predicting the impact of trade reforms in short-and medium-run models of trade. These models seem particularly relevant in Latin America, where labor market rigidities obstruct labor mobility across sectors (Heckman and Pages (2000)). If workers cannot switch industry employment easily, short-and medium-run models of trade predict that workers in industries with larger tariff reductions are expected to observe a decline in their wages relative to workers with the same observable characteristics in industries with smaller tariff declines.
The effect of trade policy on industry wage premiums has two important implications for wage inequality between skilled and unskilled workers. First, since different industries employ different proportions of educated and skilled workers, changes in industry wage premiums translate to changes in the relative incomes of skilled and unskilled workers. If tariff reductions are proportionately larger in sectors employing less-skilled workers, and if these sectors observe a decline in their relative wages as a result of trade liberalization, these less-skilled workers will experience a decline in their relative incomes. This effect is distinct from the potential effect of trade liberalization on the economy-wide skill premium. Second, industry wage premiums might vary across workers with different level of skills or education. For example, the more educated workers might be more or less mobile in the labor market and might differ in the accumulated sector specific human capital. If wage premiums differ across workers with different levels of education, and trade liberalization increases the industry specific skill premiums, this could provide an additional channel through which the reforms affect the wage inequality. Our results suggest that trade reforms did not impact industry wage premiums. However, we find evidence that sector specific skill premiums have increased proportionately more in industries that experienced larger tariff reductions. This evidence is consistent with the sector-specific skillbiased technological change that is concentrated in sectors with larger tariff reductions and tradeinduced productivity improvements found by Hay (2001) and Muendler (2002) .
Overall, we conclude that the trade reform in Brazil did partially contribute to the growing skill premium by impacting skill-biased technological change and industry specific skill premiums. However, we find little support for Hecksher-Ohlin type adjustments to trade reform.
The paper proceeds as follows. Section 2 of the paper provides background on Brazil's trade regime, describes the labor force data, and overviews the trends in the returns to education.
Section 3 explores whether labor market developments in Brazil are consistent with predictions of the Hecksher-Ohlin trade model and (trade-induced) skill biased technological change.
Section 4 analyses the relationship between industry wage premiums and trade reforms. Section 5 concludes.
Background

Trade Policy in Brazil
Like many other Latin American countries, Brazil pursued an import substitution policy to shield domestic firms from foreign competition until the 1980s. The high level of tariffs and large number of non-tariff barriers (NTBs) severely hindered the access of foreign good to the Brazilian market and provided high levels of protection to Brazilian firms. The level of protection varied widely across industries. For example, imports from the most protected sector, clothing faced tariffs exceeding 100 percent, followed by sectors such as textiles and rubber that were subject to tariffs exceeding 80 percent in 1987. This suggests that Brazil protected relatively unskilled, labor-intensive sectors, which conforms to a finding by Hanson and Harrison (1999) The above shifts in Brazil's trading environment are mirrored in the increase in the import penetration (defined as imports/(output+net imports)) and export exposure (defined as 7 Tariff data was obtained from Muendler (2002) at http://socrates.berkeley.edu/~muendler/ and are based on Kume, et. al. (2000) . The original data provide the tariff levels for 53 sectors at the nivel 80 industrial classification. We have aggregated the data to nivel 50 and made some additional adjustments so that the tariff information corresponds to the level of industry aggregation in the labor force data. The reported tariffs are simple averages of more disaggregated data. When constructing our tariff series, we have also experimented with using nivel 80 import penetration as weights, which yielded similar aggregate means. The correlation between the two series was .98. We thus use the tariffs constructed as simple averages throughout the paper.
exports/output) reported in table 2. 8 The average import penetration increased from 5.7 % in 1987 to 11.6 % in 1998. The export to output ratio increased from 9.7% to 11.2% in 1998.
While the import penetration has almost doubled during this period, it is worthwhile to note that the import penetration in Brazil continues to be relatively low when compared to a country such as Colombia that liberalized during the same period. Colombian manufacturing import penetration was about 21% in 1984 and significantly exceeded 30% after the 1990 tariff reductions (Pavcnik and Goldberg (2001) ). This difference could potentially be attributed to a large size of Brazil relative to a country such a Colombia. Moreover, the import penetration increases in Brazil varied significantly across sectors. Figure 
Labor Force Data
We combine the trade exposure measures with labor market data Pesquisa Mensal de Emprego (PME) from Instituto Brasileiro de Geografia e Estatística (IBGE), the Brazilian Statistical Bureau from 1987 to 1998. The data set covers the 6 largest metropolitan areas in Brazil: São Paulo, Rio de Janeiro, Porto Alegre, Belo Horizonte, Recife, and Salvador. These metropolitan areas account for about 31.9 million people of the economic active age out of a total of 79 million. Moreover, in 1997, the states of the 6 surveyed metropolitan areas produced 72 percent of the Brazilian GNP. 9 Our findings are thus representative of the large and modern parts of the Brazilian labor market, but do not necessarily carry over to the rural economy.
Because we focus on manufacturing industries, this might not be very problematic.
The data used in this paper consists of people affiliated with any of the 20 manufacturing industries. We include workers or self employed working full-time (defined as working more than 25 hours per week) between ages 15 and 65. We use the data to create several variables that capture worker demographic characteristics such as wage, age, education, geographical location, informal sector of employment, self-employment, and industry affiliation. Our wage measure is hourly wage based on monthly wage divided by 4 times the reported number of hours worked per week. We deflate the hourly wage with the monthly national price index, IPCA. All wages are thus expressed in 1997 September reals. The main indicator for education is completed years of schooling, which is computed using an algorithm based on three survey questions on education. 10 Based on completed years of schooling, we classify workers into those with no complete education, complete elementary education, complete lower secondary education, complete secondary education, and complete tertiary education. 11 We also distinguish whether a worker has formal or informal employment on the basis of "carteira assinada", a signed workcard. A signed workcard entitles a worker to several rights and benefits regulated by the labor market legislations, which enables us to classify whether or not a person works for a formal establishment that complies with labor market regulation. The variable informal is an indicator that is one if the worker is employed in the informal sector of the economy.
The Returns to Education in Brazil
Prior to exploring whether trade liberalization has contributed to the growing skill premium during our sample period, we summarize the trends in the returns to education during the 1980s and 1990s. Using the same data as this paper (but focusing on workers in all sectors of the economy rather than just manufacturing), Blom, Holm-Nielsen, and Verner (2001) investigate the returns to education for Brazil from 1981 to 1998. Their main findings are summarized in Figure 3 , which reports the growth in the returns to education relative to1982 for workers with complete elementary education, complete lower secondary education, complete secondary education, and tertiary education. These estimates are based on the coefficients from earnings regression that controls for age, age squared, gender, whether a person is self employed, and whether the person works in the formal sector. Several interesting finding emerge. First, workers with complete elementary and lower secondary education have experienced a 26% and 35% decline in their return to education relative to 1982, respectively. Second, the returns to complete secondary education have not changed substantially relative to 1982. However, since the returns to elementary and lower secondary education have actually declined during the same period, this translates into a growing return to secondary education relative to the less educated workers. Third, the returns to tertiary education have increased by 24 percent relative to 1982.
Given that the returns to elementary and lower secondary education have actually declined, this translates into an even bigger increase in premium associated with complete university degree relative to the return earned by relatively uneducated workers. The above findings are also confirmed for a sample of urban and rural workers by Green, Arbache, and Dickerson (2001) using data from a nationally representative labor survey (PNAD).
Given that Brazil underwent drastic trade liberalization from 1987 to 1998, trade liberalization, could in principle account for part of the observed increase in the premium to skilled workers. We explore various channels through which trade could have contributed to the growing returns to skill in the subsequent sections.
The Economy-Wide Skill Premium and Trade Reforms
In this section we explore whether the rise in the economy-wide skill premium in Brazil is due to Hecksher-Ohlin adjustments to trade reform or skill biased technological change. We first check whether the Brazilian experience supports three implications of the Hecksher-Ohlin model. We then exploit whether the evidence is consistent with skill biased technological change that was potentially induced by trade reforms.
The Heckscher-Ohlin model and Stolper-Samuelson theorem relate trade liberalization to changes in the economy-wide skill premium in the long run, when labor and other factors of production are mobile across sectors. Let us consider the predictions of the model in a simplified world that has two sectors, two factors of production (skilled and unskilled labor), and consists of a developed and a developing country. The developing country is assumed to be relatively unskilled labor abundant. When the developing country reduces trade barriers on the imported product, the Stolper-Samuelson theorem predicts that the decline in the price in the importcompeting sector will hurt the factor of production used relatively intensively in the production of the imported good (skilled labor) and benefit the factor of production used intensively in the export sector (unskilled labor). According to this Hecksher-Ohlin framework, trade liberalization will then reduce the skill premium in the developing country. This prediction of the model seems to contradict the evidence from developing countries such as Brazil that have experienced an increase in skill premium following trade liberalizations. . These results suggest that tariff cuts in Brazil, like in Mexico and Colombia (see Hanson and Harrison (1998) and Attanasio, Goldberg, and Pavcnik (2002) ) were concentrated in unskilled labor intensive industries. As a result, the Hecksher-Ohlin adjustment to trade reform could in principle account for the growing skill premium in Brazil. However, this is not necessarily the case.
We thus test whether labor market adjustment in Brazil is consistent with other implications of Hecksher-Ohlin adjustments to trade reform. In particular, the model predicts that sectors that experience tariff induced declines in relative prices should experience a contraction in employment, while industries with increased tariff induced relative prices should expand. As a result, labor should migrate from the sectors with the largest tariff reductions to the sectors with the smaller tariff reductions. Although we find scant evidence in support of Hecksher-Ohlin adjustments to trade reform, increased exposure to trade could have affected skill premiums by increasing the demand for skilled labor via skill-biased technological change. In particular, Wood (1995) and Acemoglu (2001) argue that firms might adapt skill-biased technology in response to intensified competition from abroad. In addition, lower trade barriers might make the importation of foreign technology and capital equipment cheaper. Recent studies by Eaton and Kortum (1996, 1997) model how the benefits of innovation spread from one country to another through diffusion of technology or through the exchange of goods. They find that the impact of diffusion of technology on productivity depends on the proximity of a country to the technology source, tariff levels, and the flexibility of the domestic labor force. Lower prices of foreign machinery and technology thus provide an additional incentive for the firms to adapt new technology.
To investigate whether trade reforms were associated with the increase in the return to skilled workers via skill biased technological change, we regress in table 6 the share of skilled workers in each industry against industry tariffs, industry fixed effects, and time indicators. The results indicate that the share of skilled workers in each industry is not related to protection. In columns 2 and 3 we also explore the relationship between increased demand for skilled labor and import penetration and export to output ratio. First, there is no relationship between export to output ratio and the share of skilled workers. Second, the results suggest that an increase in import penetration in an industry is associated with an increase in the share of skilled labor in total industry employment. The coefficient on import penetration in column 2 implies that a .01 increase in industry import penetration is associated with a .0046 increase in the share of skilled workers in this industry. This suggests that an industry with the average increase in import penetration from 1987 to 1998 (.076), experiences a .035 increase in the share of skilled workers. 15 We also explore whether increased import penetration has stronger impact on skill biased technological change in industries with lower tariffs by interacting import penetration with tariffs in column 3, but do not find any evidence in favor of this claim.
In summary, our results in this section suggest that the increase in the skill premium cannot be attributed to Stolper-Samuelson effects. However, our evidence is consistent with skill-biased technological change, which was concentrated in sectors that experienced larger increase in import penetration. These results suggest that skilled-biased technological change could have been partially induced by changes in foreign competition, so that trade liberalization may have had an indirect effect on the rise of the skill premium. Our results are similar to the finding by Attanasio, Goldberg, and Pavcnik (2002) for Colombia. They also find little support for Hecksher-Ohlin adjustments to trade reform, but strong evidence that is consistent with skill biased technological change. Moreover, the evidence from these two studies is also consistent with the evidence on pervasive skill biased technological change in a large set of developing countries by Berman and Machin (2000) .
Effects of Trade Reforms on Industry Wage Premiums
Theoretical Background and Methodology
Since Hecksher-Ohlin model is a long run model of trade that assumes that labor is perfectly mobile across sectors, Hecksher-Ohlin type adjustments to trade reforms can only affect the economy-wide skill premiums and not industry specific wage premiums. Yet, this assumption on labor mobility might not hold, especially in the short-and medium-run, and in developing countries like Brazil, where labor markets are characterized by significant labor rigidities. Industry wage premia might thus also play an important role in labor market adjustment to trade liberalization. In particular, as we argued in the introduction of the paper, tariff induced changes in industry specific wage premiums could contribute to growing inequality between unskilled and skilled workers if tariff declines are larger in industries that employ larger share of unskilled workers or if tariff reductions increase industry specific returns to skilled workers. As a result, we next investigate whether trade reform impacted industry wage premiums.
The theory link between trade policy and industry wages is ambiguous. In a short run model of trade and Ricaro-Viner model, where labor is immobile across sectors, sectors that experienced relatively large tariff cuts observe a decline in their wages relative to the economywide average, while sectors with proportionately smaller trade barrier reductions benefit in relative terms. The above trade models assume perfectly competitive product and factor markets. Introducing imperfect competition opens up additional channels through which trade policy may impact wages. For example, in the presence of unionization, it is possible that unions extract the rents associated with protection in the form of employment guarantees rather than wages (see Grossman (1984) ). Moreover, liberalization induced productivity changes may further impact industry wages. A large literature explores the effects of trade reform on firm productivity. While in theory the effects of liberalization on productivity are ambiguous (see Rodrik (1991) and Roberts and Tybout (1991, 1996) 
The coefficient on the industry dummy, the wage premium, captures the part of the variation in wages that cannot be explained by worker characteristics, but can be explained by the workers' industry affiliation. Following Krueger and Summers (1988) we express the estimated wage premiums as deviations from the employment-weighted average wage premium. 16 This normalized wage premium can be interpreted as the proportional difference in wages for a worker in a given industry relative to an average worker in all industries with the same observable characteristics. The normalized wage differentials and their exact standard errors are calculated using the Haisken-DeNew and Schmidt (1997) two-step restricted least squares procedure provided to us by John P. Haisken-DeNew and Christoph M. Schmidt. 17 The first stage regressions are estimated separately for each year in our sample as the subscript t in equation (1) indicates. In the second stage, we pool the industry wage premiums wp jt over time and regress them on trade related industry characteristics. 16 The sum of the employment weighted normalized wage premiums is zero. 17 Haisken DeNew and Schmidt (1997) adjust the variance covariance matrix of the normalized industry indicators to yield an exact standard error for the normalized coefficients.
The primary variable we include in T jt , the vector of trade related industry characteristics, is tariffs. In addition, to address potential concerns about omitted variable bias, we also experiment with other controls in T jt, such as lagged import penetration, lagged export to output share, and interactions of the above variables with exchange rates. The vector D jt consists of a set of industry and time indicators, which we include in our more complete specifications.
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Since the dependent variable in the second stage is estimated, we estimate (2) with weighted least squares (WLS), using the inverse of the variance of the wage premium estimates from the first stage as weights. This procedure puts more weight on industries with smaller variance in industry premiums. We also account for general forms of heteroskedasticity and serial correlation in the error term in (2) by computing robust (Huber-White) standard errors clustered by industry.
Results
Prior to discussing our regression results, let us provide some information on the wage premiums. First, most of our estimates of industry wage premiums are highly statistically significant, which confirms that industry affiliation plays an important role in determining worker wages. Second, our results suggest that the structure of Brazilian industry wages does not change substantially between 1987 and 1998. The year-to-year correlation in industry wage premiums are very high, with the correlation coefficient usually exceeding .9. This finding is surprising given the results from previous studies on Mexico and Colombia during trade liberalization episodes (see Robertson (2000) , Goldberg and Pavcnik (2001) ). Those studies 18 We consider the use of individual wage data and worker characteristics in the first stage a plus. As Gaston and Trefler (1994) point out, by conditioning our industry wage premium estimates on individual characteristics in the first stage, the relationship between tariffs and wages in the second stage cannot be driven by observable differences in worker composition across industries.
found low year-to-year correlations of industry wages, which suggested that the trade reforms changed the structure of industry wages. The magnitude of the correlation in Brazil is in line with the evidence on wage premiums in the U.S., where wage premiums are very stable across years (year-to-year correlations are always estimated to be above 0.9). 19 The resemblance of Brazil to the U.S. could be attributed to the fact that despite the large tariff reductions, most
Brazilian industries continue to face relatively low import penetration rates, which is also the case for the U.S..
We next relate wage premiums to tariffs in the regression framework described in section 4.1. All regressions include year and industry indicators. Note that it is crucial to control for unobserved industry-specific and year-specific variables that could influence wages concurrently with tariffs. For example, a country experiencing a recession or macroeconomic instability could temporarily increase its tariffs and might observe a decline in wages as people are willing to work for less given the increased probability of being laid-off. Without controlling for year effects, one would falsely conclude that higher tariffs lead to lower wages. Similarly, specifications that do not control for unobserved worker and industry attributes that affect protection and wages could induce spurious correlation between tariffs and wages. Such characteristics could involve the ability to lobby the government for trade protection, or government's targeting of industries with specific characteristics. If these characteristics are time invariant, industry fixed effects will capture their effects.
All columns of table 7 suggest no relationship between tariffs and industry wage premiums. While industry wage premiums are an important component of worker earnings, they do not seem associated with trade policy. Given that Brazil's tariff changes might overstate the extent of trade liberalization (due to its size and NTBs), we next explore whether wage premiums 19 See Krueger and Summers (1988) and Gaston and Trefler (1994) .
are affected by the alternative trade exposure measures. We first estimate a specification in which, in addition to tariffs, we include industry measures of lagged import penetration and lagged export to output ratio. 20 The results presented in column 2 suggest that high export to output ratio is associated with higher industry wages. This result is intuitive since higher industry exports likely increase the demand for workers in that particular industry. However, we find no statistically significant effect of lagged import penetration on wage premiums. In column 3 we add the interaction of tariffs with import penetration to the specification in column 2. The insignificant interaction coefficient suggests that import penetration does not impact wage premiums differentially in industries with lower tariffs. Finally, exchange rate fluctuation might also affect wages. Although year effects capture the exchange rate fluctuation over time, one would expect that the effect of exchange rates might vary depending on trade exposure of the sector. We thus interact the exchange rate with lagged trade flows. As our results in column 4
indicate, however, the inclusion of exchange rates does not affect any of our previous findings.
Overall, there is little evidence that Brazilian trade liberalization affected the industry wage structure and thus wage inequality between skilled and unskilled workers via this channel.
This finding is consistent with the evidence from Mexico by Feliciano (2001) , who finds no relationship between industry wages and tariffs, but is inconsistent with the evidence from Colombia by Goldberg and Pavcnik (2001) , who find that tariff reductions are associated with declines in industry wages.
Industry Wage Premiums for Skilled Workers
20 Because trade flows are likely endogenous (they depend on factor costs), we include the first lags of import and export measures in the estimation rather than their current values. Of course, to the extent that these variables are serially correlated, this approach might yield biased results, especially in industry fixed effects specifications with relatively small number of observations. Nevertheless, the inclusion of these lagged variables does not change our conclusions about the relationship between tariffs and industry wages.
Although we find no relationship between trade exposure and industry wage premiums, trade policy could still account for part of the increase in the return to skilled workers if tariff reductions are associated with increases in sector specific skill premiums. Industry wage premiums could differ across workers with differing degrees of education. For example, the more educated workers might be more or less mobile in the labor market. Or, workers with different amounts of education might differ in the accumulation of their sector specific skills. To investigate this possibility, we compute skill specific industry wage premiums by employing a modified version of equation (1) 
The variable it S is an indicator for whether worker i in industry j is skilled (i.e. has complete secondary or university degree). The coefficients jtS wp represent the incremental wage premium skilled workers earn in industry j in addition to the base wage premium in industry j jt wp , which is received by unskilled and skilled workers. By relating these industry specific returns to skill to trade policy measures in the second stage of the estimation along the lines discussed in section 4.1, we investigate the differential impact of trade policy on industry wages of skilled and unskilled workers, respectively.
Our results suggest that sector specific skill premiums are in fact important. Most of the industry-skilled worker interactions are individually and jointly statistically significant. As a result, we next investigate whether changes in sector-specific skill premiums are associated with changes in trade policy. We regress the sector-specific skill premiums in each year against tariffs, sector fixed effects, and time indicators. 21 The regression reported in column 1 of table 8 implies that industry tariff declines are associated with the increase in industry specific skillpremium. The magnitude of the coefficient suggests that a 10 percentage point decline in tariff in a given industry is associated with a 2.3% increase in the skill premium to skilled workers employed in that industry.
This result might at first seem surprising. Short run or medium run models of trade with restricted labor mobility predict a decline in wages in industries that experience a tariff induced decline in product prices. This argument implicitly assumes that trade policy does not affect labor productivity. In section 3 we have found some evidence that suggests that skill biased technological change was stronger in industries that experienced larger exposure to foreign competition. This would translate into higher relative wages of skilled workers in these sectors and could increase their sector specific skill premium if the productivity increases outweigh the negative effect of tariff reductions on product prices. Moreover, our results are also consistent with the studies that find productivity improvements after Brazilian trade liberalization in sectors that experienced biggest tariff cuts (see Hay (2001 ), Muendler (2002 ). These studies do not differentiate between skill biased and Hicks neutral productivity improvements. If these productivity improvements outweigh the decline in prices dues to tariff reductions and enhance the earnings of relatively skilled workers more than the earnings of unskilled workers, they could partially account for the increase in industry specific wages of skilled workers.
We perform several specification checks. To begin with, in columns 2-4 we consider whether other trade exposure measures are also related to sector-specific skill premiums. Two findings emerge. First, the relationship between tariffs and sector specific skill premiums is 21 In unreported regressions, we also investigated whether there is a relationship between trade exposure and sectorspecific base wage premiums using the same set of specification as in table 7. We reach the same conclusions as in table 7. That is, we find no relationship between base wage premium, tariffs, and import penetration.
robust to the inclusion of other trade exposure measures. While the magnitude of the coefficient somewhat declines, the estimates are still within the confidence interval of the coefficient in column 1. Second, we find no relationship between sector specific skill premium and import penetration and export to output ratio. Moreover, given that the structure of protection has changed in Brazil during our sample period, one could object that unobserved time-varying shocks, which may simultaneously affect tariff changes and sector specific skill premium, drive our results. We thus also account for the potential endogeneity of trade policy changes by instrumenting for changes in trade policy with presample tariffs and presample tariffs interacted with the exchange rate.
Our choice of instruments is guided by the institutional details of Brazilian trade liberalization. Kume (2000) suggests that at the macroeconomic level Brazil changed trade policy in response to exchange rate fluctuations. Moreover, as we discuss in section 2.1 of the paper some sectors experienced larger tariff reductions than others. This is due to the fact that tariffs were widely dispersed across sectors prior to trade reforms and that Brazil was committed to economy-wide liberalization. As a result, trade reform led to proportionately larger tariff reductions in sectors with historically higher tariff levels. Figure 5 relates the industry decline in tariffs between 1987 and 1998 to the pre-reform levels of protection in 1986 (a year prior to our sample) and illustrates a strong positive correlation between tariff declines and the 1986 tariff level. Moreover, the regression of the 1998-1987 tariff decline on 1986 tariffs yields the coefficient on 1986 tariffs of .8 (t-statistic 16.77) and R 2 of .94. This discussion suggests that the 1986 industry tariff levels, and their interaction with exchange rates, are highly correlated with the industry tariff reductions and may provide good instruments for the tariff changes. We estimate the relationship between sector specific skill premiums and tariffs in first differences using 2SLS. The results are reported in table 9. The 2SLS coefficient on tariff changes is -.0014. Because coffee prices likely affect the exchange rate, we have also experimented with the interaction of coffee prices rather than exchange rates with presample tariffs as an instrument. This yielded the tariff coefficient of -.002 (column 2 of table 9). Thus we continue to find that even after accounting for endogeneity of trade policy changes, tariff reductions are associated with the increases in sector specific skill premiums.
In sum, our evidence suggests that sector specific skill premiums have increased proportionately more in industries that experienced larger tariff reductions. These sector specific wage increases are potentially associated with skill biased productivity improvements in sectors that face more foreign competition. They provide an additional channel through which trade liberalization might have affected the growing skill premium.
Conclusions
This paper explores three channels through which trade liberalization might have contributed to the growing return to educated workers in Brazil during the 1980s and 1990s: the increase in skill premium due to Hecksher-Ohlin response to trade reforms, the increase in skill premium due to skill-biased technological change that was potentially associated with trade liberalization, and changes in industry wage premiums.
We do not find much evidence that Hecksher-Ohlin type mechanisms have contributed to the growing skill premium. While our results suggest that an increase in the industry's import penetration is associated with contraction in the industry's share of total manufacturing employment, we find no general relationship between tariff declines and contractions in employment. Moreover, the structure of employment within manufacturing sector has not changed significantly during the trade reforms. Most importantly, the share of skilled labor in industry employment has increased in most industries despite the growing skill premium.
Our results suggest that skill-biased technological change might have been the primary source in increasing skill premium as the share of skilled workers increased in most industries.
Part of the adoption of skill-biased technology might have been associated with the firm's response to intensified foreign competition. We find that the demand for skilled workers increased by more in industries that experienced a larger increase in import penetration. Finally, our evidence suggests that sector specific skill premiums were inversely related to tariff reductions (potentially because productivity gains associated with trade reform in these sectors were passed on to skilled workers as higher wages).
Overall, the magnitude of the effect of trade reforms on various labor market outcomes does not seem very large. This, combined with the fact that wage inequality has actually not risen much in Brazil despite the rise in skill premium (see Blom, Holm-Nielsen, and Verner (2001) and Green, Arbache, and Dickerson (2001) ), seems to suggest that trade liberalization had only a small impact on wage inequality. 22 Our conclusion that trade liberalization played a relatively minor role is in line with other studies focusing on Brazil (see Green, Arbache, and Dickerson (2001) and Carneiro and Arbache (2002) ). This could potentially be due to the fact that, despite large tariff reductions, import penetration in Brazil continues to be relatively low due to the large size of Brazilian economy. However, the results of the overall modest effects of trade on wage inequality have also been found by Attanasio, Goldberg, and Pavcnik (2002) for Colombia, and these findings differ significantly from the experience in Mexico (see Cragg and 22 Both of these studies find that various wage inequality measures such as standard deviation of log wages and Gini coefficient have not changed much before and after the trade reform. Green, Arbache, and Dickerson (2001) argue that the wage inequality has not risen dramatically despite the growing skill premium because college educated workers continue to represent a relatively small share of Brazilian population. Epelbaum (1996) Feenstra and Hanson (1997) , Robertson (2000a) ). Exploring these similarities and differences in labor market adjustments to trade reforms in various Latin American countries will likely provide a fruitful ground for future research. Note: Symbols are industry codes. Note: There are 20 industries in each year except in 1998, where we are missing the information on two industries. Note: Skilled workers are workers with complete secondary or university education. 
